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(57) According to the present invention, there is pro- 
vided an ink jet recording apparatus for recording an im- 
age on a recording medium by discharging ink to the sur- 
face of the recording medium, wherein ink is reserved in 
an ink tank including a negative pressure generating 
member, such as an absorber and a foaming member, 
and a function of accurately detecting the residual quan- 
tity such that depletion to a predetermined level can be 
detected is realized. Light emitted by a photointerrupter 
is allowed to pass through a portion of a wall surface of 
the ink tank made of transparent plastic or the like which 
is transmissible with respect to detection light emitted by 
the photointerrupter to detect change in the light reflect- 
ance in the boundary portion between the wall surface 
and the ink absorber. In accordance with reflectance ob- 
tained in a case where no ink exists in the detected por- 
tion and that obtained in a case where ink exists, the re- 
sidual quantity of ink can be detected. 
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A recording apparatus having functions to serve as a nrinf^r a „ 
recording apparatus for use as an output un t for a c^in^^" 9 3 faCSim " 8 m3Ch,ne or a 

processor and the like has a structure Ip^^ZS^^T Mg 3 COm ^ a word 

Plastic plate, in accordance with image InLL^C^rT ? 9 SUCh 35 paper or a thin 

paratuses, wire dot recording apparatuses, thecal " ^ ink * ™«*0 ap- 

terms of the recording method 9 apparaluses * n <* laser beam recording apparatuses in 

have a variety of advantages in that the J j^tZ^LLnlTT 9 T ^ ^ hk je * feCOrdin 9 appa 'atus 
a. high speed, an ,mage can be recorded on £ Y^r ZZ sLZ f 7 ' * ^ ^ be reco ' ded 
™*ecan be prevented because the nonHmpac,^ 

by using a multiplicity ot color inks 9 ^ ' S anda color image can easily be recorded 

performing the semiconductor manufacturing ^^iEJS^T"" 1 (confi 8 ura,ton °< dis <*arg 6 ports) by 
electricity-.o-hea. converter on the substrate SZSfZZ^ ^ and spu,,erin 9' to <°™ an 

of the recording means can be reduced further SSoJ 96 S ' Cei " n9 P ' a ' e ^ ^ ,ike Thus ' lhe ™ 

on the carnage together with the recoSng^ 

formed between the recording head and the ink ^JZZZ .--i?" ™ SUPP ' y passa ^ such as 

an ink tube, is 

to follow the movement of the carnage In the latter LTe me ,n T T * ,h * the ink SUpp,y passa 9* b able 

ink reservation unit can relatively be shorten* ^ b6tWeen the recordinQ b <* d and the 

mounted on the carnage, is suitable to reduce theS o?ih in 9 ! Wh * Ch ,he ink "Nation unit is 

the same. me Slze °' ,he lnk l et ^cording apparatus and simplify the structure of 

The foregoing structure, in which both recordino head anrt th« ^ 

With the latter structure having the record %S£^£ k *T? * ink haS been cons "™°- 

reserving ink is changed when the ink has been con S l ed but he hid ^ m ° Umed ° n ' y lhe ink ,ank 

If the recording head is used in a usual manner Z oiT™^ V"*"*" '° Chan " d ° n ' y af,er its lifeti ™' 
ink in the ink tank is used completely Therefore *e Z, 2 ^ 9 h ° ad ' S n °' inhibi,ed durin 9 i,s before 
sma„er than the number of times Z^^^SETE ? '^S^ by ^ of "hich is 
usually changed, the running cos, can be reduced Howei r ,h for Zno 2? ** My '° W C ° S ' ink ,ank iS 
the .nk tank, which are mounted separately requires Z oo^L 9 ?l? ^ Comprlsin 9 'be recording head and 
andthe ;r ^ 

^s y s,emcapab,eofpreven t in gi nk,eak a ge 9 ,hrr 9 ^S^^^^^^^^^ 
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is no: performed 

Tho foregoing problem of ink leakage through the discharge port is a peculiar problem for the ink jet recording 
apparatus In order to overcome the foregoing problem, the pressure at the discharge port has been usually lowered 
as compared with the atmospheric pressure. To realize the foregoing state of pressure, the ink jet recording apparatus 
s has a noo^iivc pressure generating mechanism provided for the ink supply system thereof. Note that the "negative 
pressure' is brick pressure with respect to the direction, in which ink is supplied to the discharge port and a state of 
pressure m which the pressure at the discharge port is lowered than the atmospheric pressure, is meant. 

r tho irk accommodating portion is in the interchangeable form, there arise necessities that the ink accommodating 
pomon can be attached/detached smoothly without ink leakage so as to reliably supply ink to the recording head, in 
io riddii on to the foregoing requirements. 

An example of the structure of the ink container serving as the ink accommodating portion for use in the ink jet 
recording apparatus has been disclosed in Japanese Patent Laid-Open No. 63-87242 (hereinafter called a first conven- 
tion.-! example). According to the first conventional example, a structure of an ink jet recording carriage has been dis- 
closed wh<h comprises an ink container substantially completely filled with a foaming material and a plurality of ink 
f 5 dijCfvifqo orifices 

1*1 tr»o ink container of the foregoing type, negative pressure can be generated due to the capillary force of a porous 
mexjijm iuch as poiyurethane foam which is the foaming material for reserving ink and ink can be held (ink leakage 
ircr. the mk combiner can be prevented). 

However the foregoing first conventional example requires the foaming material to be substantially completely 
20 cfiLk.uod «r ih.j ir k accommodating portion, whereby limiting the quantity of chargeable ink. Furthermore, the quantity 
ut ic^kJu.-iI nk in tt to foaming material is large as compared with the ink container accommodating only ink. Thus, there 
arises a problem m tint the efficiency in use of the ink is unsatisfactory. 

n oioor io enlarge the quantity of chargeable ink in the structure comprising a foaming material to serve as the 
ncQ-itrvc pressure generating means in the ink reservation means, a structure has been disclosed in Japanese Patent 
25 Laid Open No 6 40043 According to the foregoing disclosure, an ink reservation container comprising a portion for 
Hccommodiiirg a nogalive pressure generating member and an ink accommodating portion for accommodating ink, 
which arc cividcd from each other, is employed so that ink except a portion, which adheres to the wall of the ink accom- 
rnDdatm^ porton can substantially completed be used. Thus, the capacity of the ink reservation container can be en- 
la-gnri Furthermore the accommodated negative pressure generating member prevents ink leakage from the recording 
30 head so that tho performance of supplying ink is stably maintained for a long time. 

h any type of the foregoing ink jet recording apparatuses, it is preferable that the ink reservation means be changed 
al aporopnatc timing. Furthermore, there is a necessity of providing a means for accurately detecting the quantity of ink 
lelt ir. tho irk reservation means and a means for appropriately detecting the moment at which ink will be consumed. 
I! ir the ink reservation means is empty, the discharge means for discharging ink through the recording head 
35 generates the discharge energy in the state where the ink reservation means does not accommodate ink. In particular, 
a so-cal ed buDble jet ink recording apparatus, which comprises a thermal energy generating means, such as an elec- 
tncityto heat conversion device, as a discharge means to use pressure generated due to status change caused by the 
heat of nk so as to discharge ink. encounters undesirable rise in the temperature of the recording head and damage of 
tho recording head il the thermal energy generating means is operated in the state where no ink is left. 
•to in an ink jet recording apparatus comprising a mechanical pressure generating means, such as a piezoelectric 

device lo serve as a discharge means for discharging ink, operation of the discharge means in a state where no ink is 
left causes the mechanical pressure generating means to continuously generate pressure without load acting during 
the ink discharge As a result, the discharge means and durability deteriorate. 

Hitherto there have been disclosed a structure for detecting ink empty state (state where ink has been consumed) 
■*5 m the mk reservation container for an ink jet recording apparatus as in Japanese Patent Laid-Open No. 54-1 33733 which 
comprises an optical device for detecting the light transmission state in an ink tank, as in Japanese Patent Publication 
No. M 7465 in which the empty state is detected by electrically conducting an electrode member, and as in Japanese 
. Patent Laiu-Open No. 59-194853 in which the number of discharge pulses is counted to estimate the quantity of con- 
sumed ink (heieinafter called a "dot counter method"). 
50 However, the foregoing conventional ink empty state detection apparatus (the ink residual quantity detection appa- 

ratus) cannot accurately detect the residual quantity of ink when adapted to the structure in which a foaming material 
serving as the negative pressure generating member is enclosed in the ink reservation means or the structure of the 
ink rcscrvaiion container in which the portion for accommodating the negative pressure generating member and the ink 
accommodating portion are separated from each other. 

Among the conventional structures, the structure for detecting the light transmission state of the ink tank by using 
an optical device and the structure for detecting the empty state by detecting an electrode member encounters difficulty 
in delecting ink empty in the ink tank accommodating the negative pressure generating member because of the structure 
of the ink reservation container Even if the residual quantity of ink left in only the ink accommodating portion of the 
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moda.ing the negative pressure generating member of ink is la <« in the portbn for accom 

somewhat reduction in the quantity of fnk * 9 ** '° re9 ° in9 S,ruC,ure ,0 be used only to alarm 

•ersa^^ 

electrode compresses the negative'pressure ^ " * ,he d '' Sp0Sed 

scatter,^ <■«*--■ ^mes different depending upon 

the ink tank and the Terence in the ^S^?^™"" " ** qU3n ' i,y ° f "* ini,ia " y Char9ed ' n, ° 
the half of the overall quantity of ink, thus resuft L ,h mat fe e of a T' ? T ^ '° re9 ° in9 err0r fe SOmetimes 
or interruption of the operation of the reco^Cw^m^^ U 9 r6dUC,i ° n the rSSidUal ^ an,i| y 
quantity of ink is left in order to reliably perform Erne IHhe a^T™ 7 3,3,6 ^ substan,ia »y «he half 
a considerably large quantity of ink is Z, ^^S^S^JS^^ * 3 * nhB * Which 

be used wasteful*. If the residual quantity is dete^aaJ™S?S ? f qUant,,y Cam ° t be achieved or ink wi « 
S,nce me capacity of the ink resection co^Sne been 2 * . C0Un ' m6th0d ' thS C0St cannot be red ^d. 
curately be detected. h3S b6en enlar 9 ed recent| y. the res,dual quantity of ink cannot ac- 

As a sensor for emitting light an detect nTSed ah T * P(Me ™ *° be OVercome - 

serving as a light emission means and * SSSS?^ ^ " an LED 

that is, so called calibration must be performed P '° be inC ' Uded in a Predetermined range 

• P--^ « -*« for caption having a 

^herefleclingportbnfedet^ 
that the output from the PhototransisLLS^^ 

However, the foregoing ca.ibra.ion operation has a plura^ of pS 

- forlimitinr^ 

If an excessive error takes place in adtSmT V ,ncreasin 9 *e manufacturing processes. 

there,sariskoferroneousresu^ 

by further increasing the manufacturing labor Accordln 9V, accurate adjustment must be performed, where- 

Since the foregoing operation is performed in a orocess for artii .h . 
plant, change in the quantity of light emitted from Z^EolZ^ us,,n 9 the Pnnter to be performed in a manufacturing 
the photointerrupter 6 occurring due to contem nation o fhe ^ ' aPS6 ° f Chan9e in ,he ou, P ul ' ™ 

<™J b eP^ 

<rradia.es the ,nk tank w„h light and measures TeZiZenZl 2 T? ' qUan% de,eC,i ° n appara,us lhat 
■nk has the fo.lowing problem: LEDs for emitting !ght muTt emi nil m '° discrl ™ a, e *m P .y of 

m different quantities). Therefore, the quantities 3 a7e m Z 2 1 , S 33,716 ""^ (,h6 LE ° S 9enera "y emit "O* 
mined to emit tight in a quantity inc Jed in T^SSST^Z ^ muM '° Selec < a " LED deter- 

quantity of light emitted by the LED causes toe 2Z^7JT 0 Z 1°*™ "* "* * ' he difference in th * 
Furthermore, the foregoing difference affects he Sane i thfo T 2 ? ' i9h ' device t0 be ditf ^ent. 

empty is discriminated. A similar phenomenon ££ I E r6C6 ' Vin9 *** With Which ,he ink 

constant with respect to the quantity of received ton Therefore iTr'" 9 ThUS ' th6 ° U,pU ' ValUe mtJ8t be 

determined quantity and have a constant outpu charlcSc The f r6C6Mn9 *** ^ ^ ^ in a P"»" 
dev.ee and light receiving device enlarges the cost 9 °' n9 neCGSSi,y °' Se,ec,in 9 a "9"' emitting 

r rad^^^ 

of the photointerrupter, allowable manufacturing eTor nTe val e 7Z T- ^ ** * he LED P ortion 

current that flows in the LED, allowable error < the cu "art ^totoll ' m ' ,,n9 f6SiS, ° r '° r Hmi,in 9 the ele ^"c 

current-to-voltage conversion resistor in the light receiving portion 
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and conversion error occurring in an AD convenor. The foregoing errors must be adjusted for each ink jet printer It leads 
to a fact that the adjustment operation to be performed in the manufacturing plant increases and thus the cost of the 
printer is enlarged. 

Since the conventional ink jet recording apparatus has the structure that the distance from recording paper to the 
s recording head is changed to correspond to the thickness of the recording paper, there arises a problem in that the 

change in the distance from the recording paper to the recording head must be considered when the sensitivity of the 

photointerrupter is corrected. 

A printer, which has a plurality of detection mechanisms, such as a mechanism for detecting the distance from the 

carnage to the paper, in addition to the mechanism for detecting the residual quantity of ink, inevitably has a complicated 
'0 internal structure, and the overall cost of the printer cannot be reduced. In particular, a printer having a simple structure 

cannot easily be provided with a plurality of detection mechanisms of the foregoing type. However, sensors serving as 

the foregoing detection mechanism are required to prevent defective recording operation or a critical failure for the 

printer. Accordingly, a low cost sensor apparatus has been required. 

,s SUMMARY OF THE INVENTION 

In V1 ew of the problems experienced with the conventional function for detecting the residual quantity of ink in an 
ink tank of a type including a negative pressure generating member, such as an absorber and a foaming member an 
object of the present invention is to realize a function of accurately detecting the residual quantity of ink in such a manner 
that ink depletion to a predetermined level can be detected. 

In order to achieve the foregoing object, the present invention has a structure provided with a means for detecting 
change in the light reflectance in the boundary portion between the wall surface of the ink tank and the ink absorber 
through a portion of the wall surface of the ink tank to detect the residual quantity of ink in accordance with the reflectance 
in a case where ink exists in the foregoing portion and that in a case where no ink exists. 

Another object of the present invention is to provide an apparatus for detecting the residual quantity of liquid in a 
tank ,n which a means for optically detecting the residual quantity of liquid, such as ink, can automatically be adjusted 
and an ink jet recording apparatus. 

In order to achieve the foregoing object, according to one aspect of the present invention, there is provided an 
apparatus for detecting the residual quantity of liquid in a tank having a structure such that a detection means that applies 
light from a light emitting portion thereof through a light transmissible wall surface of an ink tank including an ink absorber 
to detect the quantity of light reflected by a boundary portion between the wall surface and the ink absorber to detect 
the residual quantity of liquid in the tank, wherein an adjustment means capable of adjusting the quantity of light which 
is emitted by the light emitting portion is provided. 

According to the present invention, there is provided an ink jet recording apparatus arranged in view of the problems 
experienced with the conventional function for detecting the residual quantity of ink in an ink tank of a type including a 
negative pressure generating member, such as an absorber and a foaming member, and having a means capable of " 
realizing a function of accurately detecting the residual quantity of ink in such a manner that ink depletion to a prede- 
termined level can be detected and as well as having a function of detecting the distance from the carriage to paper 

Another object of the present invention is to realize a function of detecting the residual quantity of ink, the sensitivity 
of which can easily be corrected and which is able to accurately detect the residual quantity of ink in such a manner that 
ink depletion to a predetermined level can be detected. 

In order to achieve the foregoing object, according to the present invention, there is provided an ink jet recording 
apparatus having recording means that discharges ink to form an image on a recording medium, an ink tank for supplying 
ink to the recording means, detection means for detecting whether or not ink exists in the ink tank orthe residual guantitv 
of ink. and con.rol means for controlling the detection means, wherem the detect.cn means is a photointerrupter provided 
independently from the carriage and having a light emitting device and a light receiving device, the carriage has an 
opening portion for allowing light output from the light emitting device to pass through and a reflecting plate for reflecting 
the output light, and the control means corrects the sensitivity of the detection means in such a manner that the distance 
from the carriage to the recording head is constant. 

An object of the present invention is to provide a method of detecting the residual quantity of ink and an apparatus 
capable of accurately detecting the residual quantity in such a manner that depletion to a predetermined level can be 
detected without a malfunction or deterioration in the detection accuracy occurring due to scattering in the outputs from 
a means (a sensor) for detecting the light reflectance, scattering occurring due to tho mounting accuracy or scattering 
in manufacturing the ink tank. y """""'"a 

An object of the present invention is to provide a method and an apparatus for detecting the residual guantity of ink 
wh ,ch ,s capable of accurately detecting the residual quantity regardless of the position of a carriage of an ink jet recording 
apparatus ,n which the position of the carriage can be selected from a plurality of positions to be adaptable to the 
thickness of a recording medium. Furthermore, an object of the present invention is to provide a method and an apparatus 
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suspended -^^S^S^^^ " Hn * °» «* ,he ™° - - sound can be 

» PhoiCSSSS: JET'S inV T l0n ^ 3 S ' rUC,Ure Such that det — W from a 
-he like which is tra n t 2, . i h ^o SSS^Z ^IT't 1 ** made °' trans P— 'plas.ic or 
reflectance of .he boundary port on S2n^ ™ ^ 1^21 ^ f n ^T"^' 6 '° de ' eCt Change in lhe «*« 
means by detecting the quanti^ ^SSmTJSS!^^'^^ * ° b ' alned by * he de,ec,ion 
satisfies n a 2) output and a result » „ £1 a , pr f determ,ned ,lminQ . a result of the n-th (n is an integer which 

» subjected to a Lmpa" son i^^^££ZZ£ " *** *° ( " ' 1 >* t0 a c °<^°" are 
has been reduced is made 9 predetermined degree * confirmed, detection that ink in the ink tank 

' S BRIEF DESCRI PTION OF THF DRAWINGS 

Fio 2 £ f SS Vi6W ! h ° WinQ 3 Carri39e aCCOrdin9 ,0 an emb ^ment of the present invention- 

F,g. 4 ,s a schemata view showing the overall apparatus according to the embodfrnen. of *. „ 
Fig. 5 ,s a diagram showing the structure of a sensor for detecting the res* T ^ P ^ ' nVent '° n; 
of the present invention- aetectmg the residual quantity according to the embodiment 

Fig. 12 is a f , owchart of a me(hod existence of fnk aSS f T aPP3ratUS Sh ° Wn h Fi9 9; 

30 shown in Fig g 9 ex,slence 01 ,nk ada P te d to the residual quantity detection apparatus 

•otheem^^ 

a F «shl C i a F-g° f 15 meth0d °' d6,eC,in9 ^ feSidUal dUan,ity emP ' 0yed * ,he - id " a < entity detection 

S^m^ 

invent S *" °' ^ to *° P^errup.er according to the embodiment of the present 

^^^^^^^^^^ "! - ^e present invention, in 

a pos.tion to record an ^^!Z^^SSS!^t 3 S ' 3 ' e " t " W C3rria9e iS at 

a. a position to record an image on a teJe^Z^lT * * *°" * ~ "™ "» ~ iS 

pLn,L a enSn;^ 9,am Sh ° W ' n9 COrreC "'° n °' " °' ,he ^ a ~9 to the embodiment of the 

2e!^ 

■nventfon; 3 ' imin9 ° f """"^ °' ^ i """ M * " ,h ° — -cording to the embodiment of the present 

Fip 2I is a" ?ch P e h m S fl r° Win9 Ch , 3n9e " refl8CtanCe °' li9hl <XCUrrin9 due <° oi ink 

Fine 9Q ! t leW °' 3 pm,er '° r USe in the er "bodiment of the present invention- 
Figs. 28 and 29 are schematic views showing a head an ink tank AT J 
embodiment of the present invention ' 3 Cama9e ° f ,ne P rinter for u * a in the 

Fig. 30 is a block diagram showing the electrical control structure for the printer for use in the embodiment of the 
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present invention; 

Figs. 31 and 32 are flow charts of the operation according to the embodiment of the present invention; 

Fig. 33 is a flow chart of the operation for turning an alarm lamp off according to the embodiment of the present 

invention; 

Fig. 34 is a graph showing difference in the output characteristic of the sensor for each of different ink tanks; 
Fig. 35 is a schematic view of the printer for use in the embodiment of the present invention; 
Fig. 36 is a diagram showing the relationship between the position corresponding to the adjustment of the distance 
from the head to paper and the position of the carriage according to the embodiment of the present invention; 
Figs. 37, 38 and 39 are flow charts of the operation of the printer for use in the embodiment of the present invention; 
Fig. 40 is a graph showing the output characteristic of each ink tank when the residual quantity is detected by the 
photointerrupter from a bottom portion of the ink tank; 

Fig. 41 is a diagram showing the structure of the sensor according to the embodiment of the present invention; 
Fig. 42 is a diagram showing an example of display of the result of the detection of the residual quantity of ink 
according to the embodiment of the present invention; and 

Fig. 43 is a diagram showing the structures of the carriage and the sensor according to the embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, embodiments of the present invention will now be described. 

First Embodiment 



Fig. 4 is a schematic perspective view showing the structure of an ink jet recording apparatus according to the 
present invention. The ink jet recording apparatus shown in Fig. 4 has a structure formed on the basis of the ink jet 
recording apparatus disclosed in Japanese Patent Laid-Open No. 6-40043 and the structure according to the present 
invention is added. 

Referring to Fig. 4, reference numeral 8 represents a chassis to which components are attached, 9 represents a 
paper feeding roller disposed in the longitudinal direction of the ink jet recording apparatus and arranged to move re- 
cording paper (not shown), and reference numeral 10 represents a pinch roller disposed in parallel to the paper feeding 
roller 9 and arranged to press the recording paper against the paper feeding roller 9. Reference numeral 2 represents 
a guide shaft disposed opposite to the paper feeding roller 9 and as well as in parallel to the same. Reference numeral 
1 1 represents a scale portion of a linear encoder disposed opposite to the guide shaft 2 and as well as in parallel to the 
same. 

Reference numeral 1 represents a carriage which is moved along the guide shaft 2. Reference numeral 12 repre- 
sents a head cover lor securing an ink jet head (not shown) to the carriage 1, and 13 represents a flexible substrate 
with which a recording data signal can be transmitted from a control portion of the apparatus to the ink jet head mounted 
on the carriage 1 and an output signal can be transmitted from a sensor (not shown) of the magnetic linear encoder to 
the control portion of the apparatus. 

Reference numeral 3 represents a support shaft disposed in parallel to the guide shaft 2 and arranged to maintain 
the attitude of the carriage 1 which is capable of rotating around the guide shaft 2. Reference numeral 14 represents a 
carriage motor for moving the carriage 1 along the guide shaft 2 for performing-scanning, and 15 represents a timing 
belt for transmitting the rotational force of the carriage motor 14 to the carriage 1 . Reference numeral 16 represents a 
transmission type photointerrupter disposed in the scanning region for the carriage 1 to set the reference position for 
the scanning operation to be performed by the carriage 1 . 

Reference numeral 17 represents a suction cap for preventing defective discharge of the ink jet head and recovering 
the suction operation. Reference numeral 16 represents a protective cap for protecting a discharge port (hereinafter 
called a "nozzle") of the ink jet head from being dried during standby of the ink jet head. Reference numeral 5 represents 
a paper-position switch lever disposed on the carriage 1 to switch the clearance between the recording paper and the 
ink jet head in accordance with the thickness of the recording paper. Reference numeral 6 represents a reflective pho- 
tointerrupter disposed adjacent to the home position for the carriage 1 to serve as an ink sensor. Reference numeral 1 9 
represents a sub-discharge port for receiving ink droplet during previous discharge to be performed prior to performing 
the printing operation in order to prevent clogging of the nozzle portion of the ink jet head. 

Fig. 1 is a side view showing the carriage 1 , Fig. 2 is a diagram showing a state where the ink tank is mounted on 
the carriage 1 shown in Fig. 1, and Fig. 3 is a view A of the carriage 1 shown in Fig. 1. 

Referring to Figs. 1, 2 and 3, the relationship between the carriage 1 and the photointerrupter 6 in terms of the 
position and the principle for detecting the residual quantity of ink will now be described. 

Referring to Figs. 2 and 3, reference numeral 1b represents an aperture formed in the bottom of the carriage 1 to 
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- - i ^r.u H ici o io pass tnrough 

7a represenis an absorber disposed in the ink tank 7T!? * m ° Un,ed ° n lhe 1 Reference nunS 

7 « 7 ^P"sen,saboun^ 
7. Reference numeral 7c represents an ink aawnmofcZ^ ,k * 7 a " d an ou,er wa " 7e of the ink tank 

Port-on", for accommodating, in the ink tank 7 n ^ .Z T T™*" «"* «• "a raw ink accommodate 
raw s,a,e (hereinafter called "raw ink"). Reference numeSi ™„ "*," ? ^ * an0,her 'hat is in a 

ink tank 7 and the outer wall 7e of the ink tank 5^?^ Wesents a boundary portion between the raw ink in 
- ^nsmissivity w„h respect .0 detec^ighTo L^S^.^ 7 * ,ranSpa -< P*orS av g 

~:,rg^ 

passage (here,naf,er called as a "return SntT??! 0 * 11 Refere " Ce numeral 6a represented " oht 
and then reffected returns, light being iZZ^lXZTj '* 6b • mM-d by the «g St 
passage have the reflection surface which ^y^lZTo ^Zl^T " h F * 5 ' to ^n gh 

on Lh ,h h e c Paper -P° sili0 " s -itch lever 5 is operated^ 

on wh,ch F,g. , js illustratedi tQ e|jmina(e (h P jnf|uen ; t ,S D h e, ;^i " S per P endicula ' <° the drawing sheet 
6 T" S . ,ra ' 9M ' ines ,0 •» il-us.ra.ion, i, is ,he P^age is drawn in 

The photomterrupter 6 is disposed to correspond .0 a D os,.Ln S th T !? V ' ng 9 ° e,1ain width 
ad i a «"<<°thcrawinkaccommodating po ^ 

a^^:^ me p hotoin,a -p- s dJ^&^^^^n-^-p^-s: 

& it « preferable that the boundary p 0rt i on 7b between ZT» 51? ,V ? M P ° Si,i ° n of ,he Pnotointerrupter 
adjacent to the focal position of the photointeZte" IT* I I * '" k ,ank 7 and th ^bsorber 7a be locaVed 
P o^nterrupter 6, the detection ,igh, Lpa^, ^ ££££2" ? " ^ * ** ^ ^ 
1b of ^ carnage f. whereby lowering me S/N ratio in delete 

•n corresponding ,nktanks mounted on thecarrSeiTW 

magenta or ye.low which are usually used in a cofor J?JT "* by ,he absorber 7a * any of bSck cvan 

24 and a passage 30 in the printing 12 2 and ^ n 1?*? *T "° m ^ abSOrber 

suoo^ 1 "! 31 SerVin9 38 a discharae ™ a " Sid 0 h P eto z r 2 p e r h r0m K a h6atin9 means (nereinaftS; 

supped rap,dty, causes ink ,0 foam so that ink is LSSSESS ^J^' ^ ene ^ has been 

^h e nh' S , a :" d ^ adhereS 10 a medi ^ ««h as Spe sc POft 31 the ,eadin 9 of the nozzle 

7a w„h infrared rays Lug ^lrX S^ t T™ 9 * ' *° ''^ ,he b °«°™ ^ce of the absorber 
reflected .igh, 6b by the l,gh, receMng device VZ^cJ TheZ* 96 1 T *" ™" ? * ° f the ink 7 *° as toX tec 
as the detecon system ,s .nd^dualfy disposed ^,^^ 9 ^ Un ^^^l^^6 9 ^ 
J-om the apparatus body ,0 the carriage , , louTt^Z T. ^ P ° Wer suppl V " na ^ signage 

structure can be simplified and the Jean be reduced ^ '° be ° mitted ,ram »e. Thus, the 

r u P ; 9 er 6 ra n crr e ~^^^^ 

,1T r f ' e WhSre ' he Same P° di °" "oZ 2re nl s e ^ F T* ^ ^ 7 ' ^ 7 iS an en,ar id view 
from the l(gh , ^ ^ o( ^ ^,^^5^ «J ^JW F» 8 « a graph showing change in the outpu" 

The pr.nc.ple for detecting the residual quantity of JeZZelZl *™ ^ ' he quan,i 'y of resi ^al ink 
In general, Fresncl's formulas showing the amolitudo JT V . * inVenlion wi » "°w be described 

1 and 2 having different re.ractiv.ties are as 0 ,S ^ 0< °" ,he bo - da ^ surface between medls 



P-polarization component: 



rp - n2-cos91 -n1-cosflP 
n2cosB1 + nL cos 92 
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s-polarization component: 



where 



rp = 



n1-cos82 - n2-cos02 
n1cosA2 + n2-cos02 



w 



is 
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n1 : refractivity of medium 1 

n2: refractivity of medium 2 

61 : angle made by a light beam in the medium 1 from normal line 

62: angle made by a light beam in the medium 2 from normal line 

(the foregoing four factors have a relationship expressed by n1-sinei = n2-sine2). 

In this embodiment, assuming that light emitted from the light emitting portion 6c of the photointerrupter 6 is made 
incident upon the ink tank 7 at substantially perpendicular angle, an assumption can be made that cose = 1 . Squaring 
the foregoing formula to express with energy reflectance in place of the amplitude reflectance, the following formula is 
given: 

R= (n1 -n2) 2 
(n1 +n2) 2 

If a sufficiently large quantity of ink is accommodated in the ink tank 7, the gap between the wall surface 7e of the 
ink tank 7 and the absorber 7a is filled with ink, as shown in Fig. 6. Since the ink tank 7 and the absorber 7a are made 
of plastic having a refractivity of about 1 .5 and the ink has a refractivity of about 1.4, each of the inner wall of the ink 
tank 7 and the surface of the absorber 7a has a poor reflectance of about 0.1 %. 

As ink is consumed, air is, as shown in Fig. 7, introduced into the gap between the wall surface 7e of the ink tank 
7 and the absorber 7a through the air communication port 8 shown in Fig. 6. Each of the inner wall of the ink tank 7 and 
the surface of the absorber 7a has a reflectance of about 4% in the case of empty of ink. That is, if no ink exists, the 
quantity of reflected light increases to about 40 times (however, influences of light except light reflected by the boundary 
portion 7c, such as light reflected by the outer bottom surface of the ink tank 7 and electric noise inhibit detection of the 
foregoing difference in the output). 

Although detection at the boundary portion 7d between the ink tank 7 and the raw ink accommodating portion 7c 
is performed by the photointerrupter 6. the difference in the reflectance arises. In comparison to the foregoing case, the 
number of the reflecting factors are different as follows: 

Table 1 



Reflecting Factor 


Absorber 


Raw Ink Portion 


Ink Tank to Ink 


V 


V 


Absorber to Ink 


V 




Scattering in Absorber 


V 




Total 


3 


1 



Thus, detection at the absorber enables a large number of reflecting factors, which is three times that in the other 
cases. As a result, the quantity of reflected light can be enlarged, whereby enabling accurate detection while eliminating 
noise, as described above. 

Air introduced into the space between the absorber 7a and the ink tank 7 usually exists in the form of a multiplicity 
of small bubbles as shown in Fig. 7 when it passes through the absorber 7a. Also foregoing light scattering effect in- 
creases the quantity of reflected light. 

Although foregoing reflectance is attained in the case where cose = 1 , the reflectance is made considerably different 
depending upon the existence of ink in other cases. Since the output from the light receiving portion 6d of the photoin- 
terrupter 6 is, in any case, made considerably different in accordance with the difference in the reflectance, the existence 
of ink in the ink tank 7 can be detected in accordance with the difference in the output. 

In actual, the photointerrupter 6, with light, irradiates a portion having a certain area in place of irradiating a point 
even if its focal point is irradiated with light. As ink in the region having the certain area runs out, the output from the 
photointerrupter 6 is continuously changed. 

In Fig. 8, the axis of abscissa stands for the residual number of printable sheets until ink runs out and no ink is 
discharged, whereas the axis of ordinate stands for the output from the photointerrupter 6. In accordance with the curve 
indicating change in the output, a discrimination is performed that ink in the ink tank 7 has been reduced considerably 
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of four types of inks accommodated in the corresponding ink tanks 7. An ink jet recording head capable of discharging 
ink 81 in each ink tank 7 is mounted on the carriage 1 so that the carriage 1 is moved in the horizontal direction when 
viewed in Fig. 18 in a state where the recording head discharges the ink 81. Thus, an image can be recorded on a 
recording medium such as paper 
5 Reference numeral 6c represents an LED (Light Emitting Diode) serving as the light emitting portion, 6d represents 

a phototransistor serving as a light receiving portion, 87 represents a variable resistor for limiting an LED current, 89 
represents a transistor for turning on/off the LED 6c, 80 represents a load resistor for the phototransistor 6d, 82 represents 
an A/D converter, 83 represents a LED on/off signal, and 36 represents a raw output voltage from the phototransistor. 

When the LED on/off transistor 89 is turned on in response to the LED on/off signal 84 supplied from the CPU 82, 
10 the LED 6c is turned on. If ink 81 exists in the transparent ink tank 7, light is not reflected by the boundary portion between 
the ink 61 and the inner surface of the ink tank 7. Therefore, the difference between the activation voltage and the dark 
voltage of the output voltage 86 from the phototransistor 6d, that is, the difference (hereinafter simply called as an "output 
from the phototransistor 6d") between the output voltage 86 (the activation voltage) obtained when the LED 6c is turned 
on and the output voltage 86 (the dark voltage) obtained when the LED 6c is turned off is small. If no ink 81 exists in 
is the ink tank 7, light is reflected between the boundary portion between the ink 81 and the ink tank 7. Therefore, the 
output from the phototransistor 6d is enlarged. Therefore, existence of ink 81 can be detected by detecting the output 
voltage 86 by the A/D converter 82. 

Referring to a flow chart shown in Fig. 16, the method of detecting whether or not ink exists will now be described. 

Initially, in step S61 the carriage 1 is moved by the carriage moving mechanism (not shown) in order to irradiate the 
20 ink tank 7 with light emitted by the LED 6c. In step S62 the output voltage 86 is detected in a state where the LED 6c 
is turned off. The output (the dark voltage) in the case where the LED 6c is expressed as Voff. In step S63 the output 
voltage 86 is detected in a state where the LED 6c is turned on. The thus-detected output voltage (called as activation 
voltage) is expressed as Von. 

In step S64 output V (Voff - Von) is calculated. 
25 in step S65 whether or not output V is larger than a predetermined reference voltage Vth is discriminated. If the 

output V is larger than Vth, a discrimination is performed that ink exists. If the output V is smaller than Vth, a discrimination 
is performed that no ink exists. 

In step S66 operation, such as display, corresponding to the result of detection whether or not ink exists is performed. 

As the LED 6c and the phototransistor 6d, the photointerrupter 6 including the light emitting portion and the light 
30 receiving portion in one package is usually employed. Since the lifetime of the photointerrupter 6 is usually shorter than 
that of the printer, the LED 6c is turned on by the LED on/off transistor 89 only when the ink existence is detected to 
shorten the time in which the photointerrupter 6 is supplied with electric power. 

Since both light emission quantity of the LED 6c and the sensitivity of the phototransistor 6d of a photointerrupter 
6 scatter, the combined photocurrent output characteristic of the LED 6c and the phototransistor 6d scatters by about 
35 two times to four times between the upper limit and the lower limit. In a case where the photointerrupter 6 is used to 
serve as the ink empty detection apparatus, the output from the photointerrupter 6 must be adjusted to be included in 
a predetermined range, that is, so called calibration must be performed. 

The calibration is performed, for example, in such a manner that a reflecting portion la for calibration having a 
predetermined reflectance is provided for the carriage 1 , the carriage 1 is shifted by a carriage moving mechanism (not 
40 shown) to cause the reflecting portion la to be irradiated with light from the LED 6c, and light reflected by the reflecting 
portion 1a is detected by the phototransistor 6d. To cause the output from the phototransistor 6d to be included in a 
predetermined range, a variable resistor 87 for limiting the LED current is adjusted. 

However, the foregoing conventional example suffers from the following problems. The calibration operation cannot 
easily be automated as described above, the number of manufacturing processes increases to perform accurate ad- 
■*s justment, and the output changes due to change in the quantity of light emitted by the LED 5 as the time lapses and 
due to contamination of the photointerrupter 6. As a result, there arises a problem in that accurate detection cannot 
easily be performed. 

This embodiment is able to overcome the foregoing problem and the detection means is enabled to automatically 
adjusted. 

50 This embodiment is adapted to an ink jet recording apparatus which is arranged similarly to that according to the 

first embodiment, and descriptions of the basic structure of the apparatus and the principle for detecting the residual 
quantity are omitted here. 

Fig. 9 is a schematic view showing the structure of an ink existence detection apparatus according to this embod- 
iment and adapted to a color ink jet recording apparatus. 
55 Reference numeral 7 represents an ink tank, 1 represents a carriage, on which the ink tank 7 is mounted, 1a rep- 

resents a reflecting portion for calibration provided for the carriage 1, 81 represents ink, 6c represents an LED serving 
as a light emitting portion, 6d represents a phototransistor serving as a light receiving portion, 87 represents an LED 
current limiting resistor, 89 represents an LED on/off transistor, 80 represents a phototransistor load resistor, 91 repre- 
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The discrimination as to whether or not the duty ratio is included in a certain range is performed by subjecting the 
lower limit Dmin of adjusted duty ratio and the upper limit Dmax of the adjusted duty ratio to a comparison. 

II a discrimination has been made instep S11 that the duty ratio is included in the certain range, whether or not the 
number of retries of the loop for adjusting the duty ratio is too many is discriminated in step S1 2. If the number of retries 
5 is allowable, the operation returns to step S5. If the number of retrials is larger than a certain number, the operation 
proceeds to step S15 in which a discrimination is performed that a defect has taken place. In step S13 the duty ratio 
calibrated this time is used as the duty ratio for use in detecting whether or not ink exists. The final output in the present 
calibration is used as parameter Veal for calculating the output ratio. 

In step Si 4 the duty ratio for use in detecting existence of ink and the parameter for calculating the output ratio are 
10 stored in a non-volatile storage device (no shown). 

If Veal and DO have been stored in step S14, the state of the ink existence detection apparatus is set in step S15. 

Referring to a flow chart shown in Fig. 12, the method of detecting existence of ink will now be described. 

In step S21 irradiation of the ink tank 7 with light emitted by the LED 6c is realized by moving the carriage 1 by a 
carriage moving mechanism (not shown). 
75 in step S22 the output voltage 90 is detected in a state where the LED 6c is turned off, the thus-obtained voltage 

level being Voff. 

In step S23 the duty ratio DO stored in the non-volatile RAM is used as the initial duty ratio Duty of the PWM signal 95. 
In step S24 the duty ratio of the PWM signal 95 is set. 

In step S25 the output voltage 90 is detected in a state where the LED 6c is turned on, the thus-obtained voltage 
20 level being Von. 

In step S26 the output is calculated (V = Voff - Von). 
In step S27 output ratio A is calculated (A = V/Vcai). 

In step S28 whether or not the output ratio A is larger than a certain value Ath is discriminated. If the output ratio A 
is smaller than Ath (if a negative discrimination is performed), a discrimination is performed that ink exists. If the output 
25 ratio A is larger than Ath (if an affirmative discrimination is performed), a discrimination is performed that no ink exists. 
In the flow chart above, Ath is the threshold for the output ratio with which the discrimination as to whether or not ink 
exists is performed. 

In step S29 the result of the detection performed in steps S28 as to whether or not ink exists is set. 

By calculating the ratio of the output during the detection of existence of ink with respect to the output during cali- 
30 bration, the change in the output occurring due to change in the quantity of light emitted by the LED 6c as the time lapses 
and due to change in the output caused from contamination of the photointerrupter 6 can be canceled. Since the lower 
limit of the adjusted output and the upper limit of the same can be set widely with respect to the target output, the number 
of looping during the calibration can be decreased. 

55 Third Embodiment 

Fig. 1 3 is a flow chart showing the calibration method according to a third embodiment of the present invention. The 
structure of the circuit is the same as that according to the second embodiment. Processes to be performed in steps 
S31 to S42 shown in Fig. 13 are the same as those to be performed in steps S1 to S12 according to the second em- 
40 bodiment and shown in Fig. 11 . Therefore, the description will be performed from step S43. 

In step S43 the duty ratio for use in detecting existence of ink is subjected to a comparison with the duty ratio 
calibrated this time, and the correction coefficient K (K = Vtarget/V) is calculated. 

In step S44 the duty ratio and a correction coefficient for use in detecting the existence of ink are stored in an 
non-volatile RAM (not shown). 
45 In step S45 the state of the ink existence detection apparatus is set. 

Referring to a flow chart shown in Fig. 1 4, the method of detecting the existence of ink will now be described. Since 
the processes in steps S51 to S56 are the same as those in steps S21 to S26 of the ink existence detection method 
according to the second embodiment, the description will be made from step S57. 

In step S57 a value obtained by multiplying the output by the correction coefficient is employed as the output. 
50 in step S58 whether or not the output V is higher than Vth (the threshold of the output ratio with which a discrimination 

whether or not ink exists) is discriminated. If V is smaller than Vth, a discrimination is performed that ink exists. If V is 
larger than Vth, a discrimination is performed that no ink exists. 

In step S59 the result of detection of the ink existence is set. 

By multiplying the output at the time of the detection of the ink existence by the correction coefficient, the output 
55 during the detection of the ink existence when the output at the time of the calibration coincides with the target output 
during the calibration can be calculated. Thus, the change in the output occurring due to change in the quantity of light 
emitted by the LED 6c as the time lapses and due to change in the output caused from contamination of the photoin- 
terrupter 6 can be canceled. Since the lower limit of the adjusted output and the upper limit of the same can be set widely 
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from miormiiiont voltage to DC voltage. The obtained DC voltage level is supplied to an A/D converter 405 so as to be 
si.hjrriral to a comparison with the set value 406. By repeating the foregoing sequence, the sensitivity of the photoin- 
icrrupicr Osn be corrected and as well as the sensitivity including the characteristic of each printer system can be cor- 
rected 

s Fig 24 is h diagram showing a structure for controlling the sensitivity correction. The sensitivity correction is per- 

formed when :hc carriage is at the capping position. Referring to Fig. 24, reference numeral 516 represents a clock 
siqn^i A region surrounded by a dashed line 501 is circuits for a timer and an A/D converter provided in a microcomputer. 
In the structure shown in Fig. 24, when the quantity of light emitted by the photointerrupter is reduced, the output voltage 
from h low pass lilter 502 is raised. When the quantity of light emitted by the photointerrupter is enlarged, the output 

to voMnqc iron the low-pass filter 502 is lowered. Initially, the A/D converter 512 reads the present state to digitize the read 
sutc Odin sampled by the A/D converter 512 is allowed to pass through a reading data bus 517 and is read by a CPU 
m synchronization with an A/D converter reading signal 518. Data read by the CPU is subjected to a set value, which 
is <i tnf get by software. If the present output from the photointerrupter is low as a result of the comparison with the target 
v^iuc cont'd is performed in such a manner that the quantity of light emitted by the light emitting portion of the pho- 

i$ texnterrupter is reduced. If the present output from the photointerrupter is high, control is performed in such a manner 
thit the quantity ol light emitted by the light emitting portion of the photointerrupter is enlarged. The method shown in 
h cj i'4 r ,is mc nffrin foment that the quantity of light from the photointerrupter is adjusted by changing the duty of pulses 
penci lled .it predetermined cycles. The cycles of the pulses are written in a period timing register 505 and is loaded 
wrier tn o v.iiuo o' a period counter 506, which is a down counter, is zero. When the count of the period counter 506 is 

20 /L f 0 * pui*c is Urtnsrniued to a line 51 9. The foregoing pulse is supplied to a setting terminal of a set/reset flip flop 507, 
\Uv puit»*j *b wuii rtb resetting an off -counter 504. The off -counter 504, which has been reset, loads off-timing data from 
rt oil uning setting register 503 and starts count down. When the count of the off-counter 504 is zero, the off -counter 
504 r.-tnsmits <i pulse to a line 520 and then stops the operation until a pulse is again supplied to the line 51 9. The pulse 
tr, m vnitted to :hc hnc 520 is supplied to a reset terminal of the set/reset flip flop 507. The foregoing relationship is shown 

25 m Fic CS Note lh.il a line 515 represents a writing data bus for writing data to the register, a line 51 3 represents a writing 
synchroni/.ition signal for writing data in the period timing register, and a line 514 represents a writing synchronization 
signal to writing data in the off-timing setting register. In response to the thus-produced pulse signals, the output from 
the sot reset flip fiop 507 turns on/off a transistor 508 so as to control an electric current to be supplied to the LED of a 
phoiomtfvrupter 509 In this embodiment, when the off-timing period is lengthened, the electric current to be supplied 

30 to the t FD ol ihe photointerrupter 509 is enlarged. A signal photoelectrical^ converted in the light receiving portion of 
the photointerrupter 509 is supplied to a low-pass filter 502 consisting of a resistor 510 and a capacitor 511 so as to be 
tormcd into a smoothed signal which is again supplied to the A/D converter 512. 

Fifth Embodiment 

35 

A tilth embodiment of the present invention will now be described. As described in the foregoing embodiments, the 
photointerrupter 6 does not irradiate a point with light but, with light, irradiates a portion having a certain area. Since 
gradual depletion ol ink in the foregoing region is detected, the output from the photointerrupter 6 is continuously 
chan pod 

40 Fig 26A schematically illustrates the foregoing state such that the output (the axis of ordinate) from the photointer- 

rupter 6 is shown when recording is performed from an initial stage to a moment at which ink in the ink tank 7 is depleted 
(the axis d abscissa). After X sheets have been recorded, ink in the region irradiated with light emitted from the pho- 
tointerrupter 6 is reduced so that the output from the photointerrupter 6 is enlarged. 

Thcfctore change in the output from the photointerrupter 6 after X sheets have been recorded is detected, whereby 
45 enabling the residual quantity to be detected. 

Fig 40 shows actual output characteristics with respect to the ink tank according to the first to fourth embodiments, 
in which results of measurements ot outputs at each 5 x 106 pulses when a predetermined image has been recorded 
by using loui different ink tanks are plotted. The outputs indicated by the axis of ordinate are values obtained by sub- 
tracting outputs (activation voltage) from the photointerrupter when the LED is turned on from the outputs (dark voltage) 
50 from the photointerrupter when the LED Is turned off. 

As can be understood from Fig. 40, since the output values from the ink tanks are different from one another, the 
residual quantity of ink cannot easily be detected in such a manner that the threshold for the output value is determined. 
However measurement of the quantity of change in the output from each ink tank enables the residual quantity of ink 
to be delected further accurately. 
55 Since the method of detecting the residual quantity according to the first embodiment uses change in the reflectance 

of light occurring due to whether or not ink exists in the absorber, the residual quantity of ink can accurately be detected 
even if the ink tank is an ink tank of a type including an ink absorber. 

This embodiment is an improvement in the foregoing method of detecting the residual quantity with which a method 
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Reference numeral 307 represents a receipt buffer for temporarily storing data from the host computer 306 in such 
a manner that it stores data until data is read from the system controller 301. 

Reference numeral 30B represents a frame memory for developing data to be recorded into image data, the frame 
memory 308 having a memory size required to record data. Although the description is performed about the frame 
5 memory capable of storing data for one recording sheet, the present invention is not limited to the size of the frame 
memory. 

Reference numeral 309 represents a storage device for temporarily storing data to be recorded, the required storage 
capacity being changed depending upon the number of nozzles of the recording head. 

Reference numeral 310 represents a recording control portion for appropriately control the recording head in ac- 
to cordance with an instruction issued from the system controller, the recording control portion 31 0 controlling the recording 
speed, the number of data to be recorded, and the like. The recording control portion 310 counts the number of discharges 
of ink droplets performed by the recording heads 31 2Bk, 31 2C, 31 2M and 31 2Y and the number of suction operations 
performed for recovering the recording heads to convert the consumed quantity of each color ink into number of ink 
droplets (the number of pulses). 
is Reference numeral 311 represents a driver for the recording heads for discharging black, cyan, magenta and yellow 

inks, the driver 311 being controlled in response to a signal supplied from the recording control portion 310. Note that 
Fig. 30 shows the recording head consists of recording heads 31 2Bk, 312C, 31 2M and 31 2Y for the corresponding colors. 

Reference numeral 313 represents a detection portion for measuring the light reflectance at the bottom surface of 
the ink tank by the photointerrupter 123 to obtain the output value from the photointerrupter 123, the detection portion 
20 31 3 being controlled by the system controller 301 to detect each color ink tank. 

The method of detecting the residual quantity in the ink tanks will now be described. 

Fig. 31 is a flow chart showing the operation for detecting the residual quantity of ink in the ink tank 102. 

In step S301 the consumed quantity of each ink due to discharge of ink droplet for forming an image, idle discharge 
and suction for recovering the recording head is converted into pulses, and the pulses are counted. In this embodiment, 
2S counting is performed in such a manner that 3 x 10 6 pulses correspond to one suction operation. 

In step S302 whether or not the number of pulses counted in step S301 reaches a predetermined number of pulses, 
which is 15 x 10 6 pulses set in this embodiment: is discriminated. If the number of pulses does not reach the predeter- 
mined number of pulses, counting is continued. If number of pulses reached the predetermined number of pulses, the 
light reflectance (the output value) of the absorber portion in the bottom of the ink tank 102 is measured in step S303. 
30 in this embodiment, the output is measured at a moment when the carriage 1 03 returns to the home position immediately 
after the number of pulses has reached the predetermined number of pulses. Therefore, if they recording operation is 
being performed when the number of pulses has reached the predetermined number of pulses, the output is measured 
after this scanning has been completed and before the next scanning starts. 

The output value may be measured at another moment at which the final portion of a page is printed after the number 
35 of pulses has reached the predetermined number of pulses, or at which first idle discharge for recovery is performed 
after the number of pulses has reached the predetermined number of pulses. 

In step S304 the output value obtained in step S303 and the previous output value are subjected to a comparison 
to discriminate whether or not the output value is larger than the previous output value by a. If the output value is not 
larger than the previous output value by a, the operation returns to step S301 in which counting of the number of pulses 
•to and obtaining of the output value are continued. If the output value is. larger than the previous output value by a or 
more, the operation proceeds to step S305 in which depletion of ink in the ink tank 102 is indicated. 

Then, an alarm lamp (not shown) is turned on, and then the scanning operation for recording is interrupted in step 
S306. 

In this embodiment, a was set to 0.20 and images, the duty of each of which was 1 0%, were consecutively recorded 
45 after a plurality of new ink tanks had been mounted, thus resulting in that the alarm lamp was turned on at about 1 30 
to 155 th pages. 

The alarm lamp, which has been turned on, can be turned off by depressing an alarm-lamp suspension switch (not 
shown) provided for, for example, the printer. 

As described above, according to this embodiment, a comparison with the previous output value is performed to 
so discriminate whether or not change from the previous output value by a degree larger than a predetermined value has 
occurred. Therefore, even if the outputs from the photointerrupter scatter, or scatters in mounting or scatters in manu- 
facturing the ink tank takes place, depletion of ink in the ink tank can always be detected with excellent accuracy. 

Sixth Embodiment 

55 

A sixth embodiment of the present invention will now be described. 

According to this embodiment, there is provided a method and an apparatus for detecting the residual quantity of 
ink which is capable of automatically canceling display or alarm sound if a new ink tank is mounted after depletion of 
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operation is performed, the output voltage obtained prior to performing the recovery operation is not required because 
a new ink tank is used. 

II a new ink tank is loaded in a state where the alarm lamp is not turned on and the recovery operation is performed, 
the output value is s'ometimes changed due to, for example, scattering in manufacturing the ink tank. Assuming that 
5 ink tank A is changed to ink tank B when Y recording sheets have been recorded as shown in Fig. 34, the output value 
of the ink tank B is larger than that of the ink tank A. Therefore, the output value is enlarged considerably as compared 
with the output value obtained with the ink tank A prior to performing the recovery operation. As a result, there arises a 
problem in that, if change to the ink tank B is performed, the alarm lamp is turned on although ink exists in a sufficiently 
large quantity. 

w If a structure is employed in which the output value prior to performing the recovery operation is reset, the foregoing 

problem can be prevented. 

A structure may be employed in which, in a case where a usual recovery operation is performed in a case except 
the change of the ink tank, a discrimination is performed that ink exists in a sufficiently large quantity if the output is not 
changed by a predetermined degree before and after the recovery operation is performed, and the output value obtained 
15 before the recovery operation is performed is reset. 

As described above, if the change in the output value before and after the recovery operation is performed is always 
smaller than a predetermined value, the previous output values are reset. Thus, the residual quantity of ink can be 
detected without malfunction and as well as the alarm lamp can automatically be turned off. 

When a was set to 0.20, p was set to 0.09 and an image, the duty of which for each color was 10%, was recorded 
20 consecutively, the alarm lamp was turned on at about 135 th to 150 th page. When change to a new ink tank was 
performed and the recovery operation was performed, the alarm lamp was turned off. 

Although the method of discriminating the result of detection of the residual quantity employed in the fifth embodiment 
was described, the foregoing embodiments may be combined adequately. 

25 Seventh Embodiment 

A seventh embodiment of the present invention will now be described. This embodiment is an improvement in the 
method of discriminating the result of detection of the residual quantity according to the fifth embodiment. According to 
this embodiment , there is provided a method and an apparatus capable of accurately discriminating the result of detection 
30 of the residual quantity regardless of the position of the carriage even if the apparatus is adapted to an ink jet recording 
apparatus in which the carriage position can be selected from a plurality of positions to correspond to the thickness of 
the recording medium. 

An ink jet printer shown in Fig. 35 is similar to that according to the fifth embodiment. The ink jet printer according 
to this embodiment is different from that according to the first embodiment in that an paper-distance position lever 130 
35 is provided for the carriage 1 03 in order to select the carriage position from two positions. 

Fig. 36 is a schematic cross sectional view showing a carriage 103 in a state where the paper-distance position is 
changed by operating the paper-distance position lever 1 30 shown in Fig. 35. 

Fig. 36A shows a state where the paper-distance position is at the normal position which is used when an image is 
formed on a recording medium, such as a usual plain paper, a coat paper or an OHP film. When the paper-distance 
-to position lever 130 is inclined in a direction indicated by an arrow c in the foregoing state, a paper<Jistance position 
changing member 1 31 projects from the bottom portion of the carriage 1 03 toward the conveyance roller 1 06 as shown 
in Fig. 36B. Thus, the carriage 103 is moved upwards in such a manner that the guide shaft 105 is used as a support 
point so that the distance from the recording member is lengthened. The carriage position shown in Fig. 36B is called 
a thick-paper position which is used when an image is formed on paper thicker than usual paper or on a thick special film. 
45 Fig. 37 shows a flow chart of the operation of this embodiment, in which steps S331 to S333 are the same as steps 

S301 to S303 according to the fifth embodiment. Thus, the process in step S334 and ensuing processes are different 
from the fifth embodiment. 

In step S334 whether the position of the carriage 103 is at the normal position or the thick-paper position is discrim- 
inated. If the carriage 103 is at the normal position, the operation proceeds to steps S336 to S339 in which processes 
so similar to those in steps S304 to S306 according to the fifth embodiment are performed. 

If the carriage 103 is at the thick-paper position, the operation proceeds to step S335 so that a value obtained by 
multiplying the output value obtained in step S333 by 1 .5 is employed as a new output value, and the operation proceeds 
to steps S336 to S339. 

Since the output value at the thick-paper position can be corrected by multiplying the output value at the thick-paper 
55 position by 1 .5 to use it as the output value at the normal position, the residual quantity of ink can be detected similarly 
to the fifth embodiment regardless of the paper-distance position. 

Note that the carriage position is recognized in step S334 as follows. 

For example, the carriage position may be recognized by means of an paper-distance position input switch (not 
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had been turned on and the recording operation was continued without performing the recovery operation. As a result, 
the alarm lamp was turned off after lapse of a certain time. 

As described above, in this embodiment, even if the recovery operation is not performed when the ink tank was 
changed, detection of no change in the output value or detection of rapid change in the output value enables the alarm 
s lamp to be automatically turned off. 

Tenth Embodiment 

A tenth embodiment of the present invention will now be described. 

10 This embodiment is able to prevent scattering in the quantity of reflected light during a plurality of detection operations 

occurring due to scattering in the stop position for the carriage. That is, unsatisfactory reproductivity of the detected 
quantity of reflected light regardless of the residual quantity of ink is intended to be overcome. Although the output value 
was obtained in one measuring operation in the foregoing fifth embodiment, this embodiment has a structure (1) the 
average value of the previous data and present data is employed as the present output value or (2) the average value 

15 of values consecutively obtained m times is employed as the n-th output value. 

In the case where the average value of the previous data and present data is employed as the present output value, 
the obtained value at the first time is employed as the first output value, the average value of the first output value and 
the second obtained value is employed as the second output value, the average value of the first and second output 
values and the third obtained value is employed as the third output value, and the average value of the n-2 and n-1 

20 output values and the n-th obtained value is employed as the n-th output value. 

In the case where the average value of values consecutively obtained m times is employed as the n-th output value, 
the average value of three values obtained for each color by scanning the carriage three times is employed as the output 
value. Although the throughput deteriorates in the foregoing case, change in the residual quantity of ink is detected in 
accordance with the change in the obtained values so that accurate detection is performed. 

25 Although the fifth to tenth embodiments have been described about the case where substantially the same output 

values are obtained from ink tanks for the respective colors in the ink jet recording apparatus having ink tanks for the 
respective colors, the output value for each color sometimes is different depending upon the material of the wall of the 
ink tank, that of the ink absorber, and the characteristic of ink. In the foregoing case, the reference value for detecting 
the residual quantity of ink is required to be different for each color. 

30 For example, cx, p, y and 5 according to the first to sixth embodiments are required to be determined for each color. 

In the foregoing case, all of the four values may be different for each color. As an alternative to this, since p and yare 
usually have small set values and therefore they are not required to be different for each color, only a and 5 are made 
to be different for each color. 

Although the preferred embodiments of the present invention have been described above, the present invention is 

35 not limited to the embodiments. 

Eleventh Embodiment 

An eleventh embodiment of the present invention will now be described. 

40 According to this embodiment, there is provided an ink jet recording apparatus having a function of accurately 

detecting the residual quantity of ink in ink tanks each including a negative pressure generating member, such as a 
foaming material and a function of detecting the distance from a recording means and the recording paper. 

The structure of the ink jet recording apparatus and its unit for detecting the residual quantity of ink according to 
this embodiment is the same as that according to the first embodiment and the fifth embodiment and the like. 

45 This embodiment has a structure formed on the basis of each of the foregoing embodiments and has a characteristic 

that the photointerrupter 6 is used as a sensor for detecting the distance from the recording head to the paper. 

In this embodiment, a reflection portion 1 a for reflecting light supplied from the photointerrupter 6 is provided for the 
bottom portion of the carriage 1 shown in Fig. 1. The paper-position switch lever 5 shown in Fig. 1 is at the thin paper 
position. A case where thick paper is used as a recording medium will now be described briefly. 

so When the paper- position switch lever 5 provided for the carriage 1 is rotated in a direction indicated by an arrow X 

shown in Fig. 1 relative to the shaft 5a, a bottom portion 5b of the paper-position switch lever 5 is slid on an upper surface 
4a of the carriage support plate 4. The carriage support plate 4 is pushed downwards in a direction indicated by an 
arrow B shown in Fig. 1 due to the difference in the distance from the shaft 5a to the bottom portion 5b of the paper-position 
switch lever 5. As a result, the carriage 1 including the paper-position switch lever 5 is pushed upwards relatively to the 

55 support shaft 3. As a result of upward pushing, the distance from a recording head (not shown) mounted on the carriage 
1 to paper serving as the recording medium is lengthened as compared with the distance in the case of the thin paper 
position. The thick-paper position is a position selected when an image is formed on paper thicker than usual paper or 
a thick special film. 
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from the first photointerrupter 6 and that from the second photointerrupter 6' is used to detect the depletion of ink. The 
average value may be a simple average or a weighted average. In this embodiment, since the second photointerrupter 
6' is located near the supply port 24 as compared with the first photointerrupter 6. the output is changed when the 
recordable number of sheets has been further decreased. Therefore, the output to be weighted is determined in accord- 
5 ance with the residual number of sheets intended to be detected. 

Since the sensors for detecting the residual quantity of ink are provided at a plurality of positions and the average 
value of the measured values obtained from the plural detection points is used, the residual quantity can be detected 
accurately even if the density of the absorber 7a is irregular because its influence can be eliminated. 

Another method may be employed which is capable of preventing scattering in the detected values due to the 
10 influence of irregularity of the density of the absorber 7a and which has a structure such that the photointerrupter 6 
shown in Fig. 6 is made to be movable to detect the residual quantity of ink at a plurality of points of the ink tank 7. 

As an alternative to the structure in which the photointerrupter 6 is made to be movable, a plurality of points may 
be measured while moving the carriage 1 in such a manner that the photointerrupter 6 is fixed In the foregoing case, 
the ink tank 7 must have a certain thickness in the moving direction to attain the effect intended to be obtained by 
'5 increasing the number of detection points. 

In this embodiment, the photointerrupter 6 and the carriage 1 are moved relatively to detect the residual quantity of 
ink at a plurality of detection points. Since the average value of the measured values at a plurality of detection points is 
employed, the residual quantity can be detected accurately even if the density of the absorber is irregular because its 
influence can be eliminated. 
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Thirteenth Embodiment 

In each of the foregoing embodiments, the alarm is issued or the recording operation is interrupted if the depletion 
of ink has been detected in accordance with the output from the photointerrupter 6. 

In this embodiment, the alarm issue or the interruption of the recording operation is not performed in the case where 
the output from the sensor exceeds a threshold. As an alternative to this, display corresponding to the output from the 
photointerrupter 6, that is, display in proportion to the output from the photointerrupter 6 or display which is monotonously 
changed is performed. 

As can be understood from Fig. 8, when the residual quantity of ink in the ink tank 7 has been reduced, the output 
from the photointerrupter 6 is continuously changed. By displaying the residual quantity corresponding to the change in 
the output, display substantially corresponding to the recordable number of sheets can be performed continuously. Thus, 
further detailed information about the residual quantity of ink can be given to a user. 

Fig. 42 shows an example of display of the residual quantity of ink in the ink tank 7 on a display panel. The display 
on the display panel may be performed such that the level of a digital meter is changed to correspond to the number of 
recordable sheets as shown in Fig. 42 or the number of recordable sheets is displayed with figures. The display panel 
may be made of liquid crystal or a usual display unit. 

As an alternative to the visual display means, voice guide of the number of recordable sheets, the length of the 
number of times of buzzer sounds corresponding to the number of recordable sheets may be employed. 

As a result of the foregoing structure, detailed information about the residual quantity of ink corresponding to the 
output from the photointerrupter 6 can be given to a user. According to this embodiment, a user is able to recognize 
detailed information about the residual quantity of ink when the ink in the ink tank 7 has been depleted. Thus, the user 
is able to perform maintenance, such as change of the ink tank, at a proper timing. 

Fourteenth Embodiment 

In the first structure, the ink tank 7 comprises the absorber 7a and the raw ink accommodating portion 7c. The 
present invention is not limited to the foregoing structure. The present invention may be adapted to a structure shown 
in Fig. 43. 

Referring to Fig. 43, reference numeral 24 represents a supply port, 28 represents an air communication port, and 

6 represents a photointerrupter, similarly to Fig. 2. The photointerrupter 6 is so disposed as to be capable of detecting 
change in the reflectance at the bottom surface of the absorber 7a, similarly to the first embodiment. 

In the ink tank shown in Fig. 43, ink depletes in portions apart from the supply port 24 in the inside of the ink tank 

7 as ink is consumed. Therefore, the photointerrupter 6 is caused to detect reflected light from the bottom portion of the 
ink tank 7 to detect the residual quantity in accordance with the change in the reflectance. 

Fifteenth Embodiment 

According to the present invention, no reflected light is obtained from the photointerrupter 6 if the ink tank 7 is not 
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image output terminal equipment of information processing apparatus such as a computer. 

As described above, the means is provided which detects change in the light reflectance at the boundary portion 
between the wall surface of the ink tank and the ink absorber through a portion of the wall surface of the ink tank to 
detect the residual quantity of ink in accordance with the difference between the reflectance obtained in the case where 
5 ink exists and that obtained in the case where no ink exists. As a result, a function for detecting the residual quantity of 
ink can be realized which is able to accurately display the residual quantity of ink at desired levels even if the ink tank 
includes an absorber. 

A similar structure enables detection whether or not the ink tank is mounted. 

According to the present invention, the pulse width modulation of the drive signal for operating the light emitting 

10 portion, such as the LED, is controlled to change the duty ratio of light emission of the light emitting portion so that the 
quantity of light, which is emitted by the light emitting portion, can automatically be adju'sted. For example, the adjustment 
operation can be performed immediately after the power source for the apparatus has been turned on and thus the 
adjustment can be performed even after temperature apparatus has been shipped to the market. Therefore, the residual 
quantity of ink can stably be detected. 

'5 According to the present invention, a function for precisely detecting the residual quantity of ink can be realized and 

the distance from the recording head to paper can be detected. Thus, the cost and space can be reduced. 

According to the present invention, the sensitivity of the photointerrupter of the foregoing mechanism for detecting 
the residual quantity of ink can easily be corrected so that a precise function for detecting the residual quantity is realized. 
According to the present invention, the residual quantity of ink in an ink tank including an ink absorber can accurately 

20 be detected. Since the method of detecting the quantity of change in the light reflectance of the ink absorber is employed, 
the residual quantity of ink can always be detected with a constant accuracy even if the outputs from the sensor scatter, 
scatters take place due to the mounting accuracy or the reflectances of the ink tank scatter due to a manufacturing error. 

Since the alarm lamp or the like for indicating depletion of ink can automatically be turned off without user's operation 
after a new ink tank has been mounted, the apparatus can be operated more easily. 

25 Although tho invention has been described in its preferred form with a certain degree of particularity, it is understood 

that the present disclosure of the preferred form can be changed in the details of construction and the combination and 
arrangement of parts may be resorted to without departing from the spirit and the scope of the invention as hereinafter 
claimed. 



Claims 

1. An ink jet recording apparatus having a recording head for discharging ink through a nozzle thereof and an ink 
accommodating portion for supplying ink to said recording head, said ink accommodating portion having a supply 
35 port for supplying ink to said recording head and including a negative pressure generating member for generating 

negative pressure so as to discharge ink from said nozzle of said recording head to print an image on a recording 
medium, said ink jet recording apparatus comprising: 

light emitting means for emitting light to a portion of a wall surface in said ink tank at which said negative pressure 
•*o generating member is located, 

light receiving means for receiving reflected light of light emitted by said light emitting means; and 
discrimination means for discriminating state of residual quantity of ink in said ink tank in accordance with a 
quantity of light received by said light receiving means. 

^5 2. An ink jet recording apparatus according to claim 1 , wherein 

said light receiving means receives light emitted by said light emitting means and reflected by said wall surface, 
a boundary surface between said wall surface and said negative pressure generating member and said negative 
pressure generating member. 

An ink jet recording apparatus according to claim 1 , wherein 

wavelength of light emitted by said light emitting means is the wavelength which penetrates ink in said ink tank. 

4. An ink jet recording apparatus according to claim 1 , wherein 

said wall surface of said ink tank to which light emitted by said light emitting means is a bottom portion of said 
ink tank. 



so 

3. 



25 
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5- An ink jet recording apparatus according to claim 1 , wherein 

mined threshold. y celveaD y sa « »gm receiving means is larger than a predeter- 

6. An Ink jet recording apparatus according to claim 1 , wherein 

7. * hk jel recording apparargs accoranc, ro claim 1 fanner comprising: 

9. An ink jet recording apparatus according to claim 1 further comprising: 

to a .eve, lower than a predetermined res^q^ 

10. An ink jet recording apparatus according to claim 1 further comprising: 

L C a nnfnf °" T b °' h reC ° fdin9 head and Mid ink < ank can be mounted- 

11. An ink jet recording apparatus according to claim 10, wherein 

r;:r„;Scr^ 

12. An ink jet recording apparatus according to claim 1 , wherein ■ 

said carriage, said light emitting 

in accordance with reflected light. efcecnminatan a. a plurality of positions of said wall surface 

13. An ink jet recording apparatus according to claim 1 further comprising: 

It-^ST d6teCtin9 Wh6,her W " S3id ^ ** — accordance with light received c, 

14. An ink jet recording apparatus according to claim 1 , wherein 
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1 5. An mk jci recording apparatus according to claim 1 further comprising adjustment means which is capable of adjust- 
ing 'ho quantity of light which is emitted by said light emitting means. 

16. An ink ict recording apparatus according to claim 1 5, wherein 

5 

sn<J iiqht omitting means emits light in response to an electric signal applied thereto, and 

sn d adjustment means modulates the pulse width of said electric signal to be supplied to said light emitting 

morins to enable the quantity of light, which is emitted by said light emitting means, to be adjusted. 

to 17. An ink jet recording apparatus according to claim 16, wherein 

SH'd electric signal is a signal in the form of a pulse, and said adjustment means adjusts the width of said pulse. 

18. An mk jet recording apparatus according to claim 16 further comprising: 

15 

rencone portion so disposed as to be capable of reflecting light emitted by said light emitting portion to said- 
hqht receiving portion; and 

moans tor causing said adjustment means to modulate said electric signal to be supplied to said light emitting 
moms m response to light reflected by said reflecting portion in such a manner that the quantity of light received 
20 by w*«u IkjMi receiving means is made to be constant. 

19. An mk jot recording apparatus according to claim 16 further comprising: 

storage means tor storing information formed on the basis of said drive signal modulated by said adjustment 
25 means 

whorom said discrimination means subjects information formed on the basis of the quantity of light emitted to 
snd wall surface of said ink tank, reflected by the same and received by said receiving means and information 
stored m said storage means to a comparison to discriminate the residual quantity state of ink in said ink tank. 

30 20. An mk jot recording apparatus according to claim 1 further comprising: 

correction means for correcting a signal formed on the basis of the quantity of light received by said light receiving 
means 

35 21. An mk jet recording apparatus according to claim 1 , wherein 

snd recording head applies thermal energy to ink to cause ink to change the state thereof due to heat so that 
mk is discharged due to pressure generated due to change in the state of ink. 

■to 22. An nk jet recording apparatus having recording means that discharges ink droplets to form an image on a recording 
medium an ink tank for supplying ink to said recording means, detection means for detecting whether or not ink 
exists m said ink tank or the residual quantity of ink in the same and control means for controlling said detection 
means said ink jet recording apparatus comprising: 

•*5 a photomterrupter serving as said detection means, provided individually from a carriage and having a light 

emitting device and a light receiving device, 

wherein said carriage has an opening portion for permitting output light from said light emitting device to pass 
through and a reflecting plate for reflecting said output light, and said control means corrects sensitivity of said 
detection means at a capping position at which the distance from said carriage to said detection means is 
50 constant 

23. An ink jet recording apparatus according to claim 22 further comprising means for making the distance from said 
carnage to said detection means to be constant. 

55 24. An ink jot recording apparatus according to claim 23, wherein 

said means for making the distance from said carriage to said detection means to be constant has a member 
that comes in contact with said carriage to move upwards said carriage so that said member makes the distance 
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s 25. An ink jet recording apparatus according to claim 22. wherein 

„ 26 - An ink '** recordin 9 a PP a *«us according to claim 22. wherein 

wall surface of said ink tank and an ink absorber 9 ° V ' C,n " y °' 8 boundar y P° rti ™ between a 

27. An ink je, recording apparatus according , 0 Cairn 22. wherein said control means comprises: 
a device for controlling an electric current to be supplied to a lioht omi „ 

a passage for operating a device for controlling the Zrtl T ^ '° 3 com P^. and 

°<-*Pnotoin,e W 

25 28. An ink je. recording apparatus according to claim 22, wherein 

- 2* An htofmation processing system compiling an e>k jet recoraing apparatusaccorosig to dam 22 to output means 

J*. - r ng „.p ,„ ^ m o, IW emitted „ sato W , „ hg „, 6y „, 
a d.scnm.nation step for discriminating state of residual nuantit,, , 

quantity of fight received in said light receiving step ***** ° f "* m lnk tenk in accordance with a 

31 . A method of detecting residua, quantity o, ink according to claim 30, wherein 

sa,d negatrve pressure generating member. n69a,,Ve pressure generating member and 

32. A method of detecting residua, quantity o, ink according to claim 30, wherein 
~°'«^^ 

33. A method o, detecting residual quantity of ink according to Cairn 30. wherein 
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ink tank. 

34. A method of detecting residual quantity of ink according to claim 30, wherein 

s said discrimination step is a step for discriminating that the residual quantity of ink in said ink tank is smaller 

than a predetermined quantity when the quantity of light received in said light receiving step is larger than a 
predetermined threshold. 

35. A method of detecting residual quantity of ink according to claim 30, wherein 

10 

said discrimination step is a step for discriminating the residual quantity state of ink in said ink tank in accordance 
with change in the quantity of light received in said light receiving step. 

36. A method of detecting residual quantity of ink according to claim 30 further comprising: 

75 

a reflectance calculating step for calculating the reflectance in accordance with light emitted in said light emitting 
step and light received in said light receiving step, 

wherein said discrimination step is a step for discriminating the residual quantity state of ink in said ink tank in 
accordance with said reflectance. 

20 

37. A method of detecting residual quantity of ink according to claim 30 further comprising: 

a display step for displaying the residual quantity state of ink in accordance with discrimination performed in 
said discrimination step. 

25 

38. A method of detecting residual quantity of ink according to claim 30 further comprising: 

a recording control step for interrupting a recording operation performed by said recording head when a dis- 
crimination has been performed in said discrimination step that the residual quantity state of ink in said ink tank 
30 has been reduced to a level lower than a predetermined residual quantity. 

39. A method of detecting residual quantity of ink according to claim 30, wherein 

said ink jet recording apparatus to which said method is adapted comprises a carriage on which both recording 
35 head and said ink tank can be mounted; and 

scanning means for scanning said carriage relatively to a recording medium, and said method of detecting, 
residual quantity of ink further comprising the step of: 

a control step for causing said scanning means to scan said carriage to a position, at which said light emitting 
means and said light receiving means face said wall surface of said ink tank, to discriminate the residual quantity 
■w state of ink in said ink tank. 

40. A method of detecting residual quantity of ink according to claim 39, wherein 

said ink jet recording apparatus to which said method is adapted comprises a plurality of said recording heads, 
45 a plurality ot said ink tanks are provided to correspond to said plurality of said recording heads, 

said control step is a step for causing said scanning means to make the wall surface of each of said ink tanks 
to face said light emitting means and said light receiving means, and 

said discrimination step is a step for sequentially discriminating the residual quantity state of ink in said plurality 
of said ink tanks. 

50 

41. A method of detecting residual quantity of ink according to claim 30, wherein 

said discrimination step is a step for causing said scanning means to relatively scan said carriage, said light 
emitting means and said light receiving means to perform discrimination at a plurality of positions of said wall 
55 surface in accordance with reflected light. 

42. A method of detecting residual quantity of ink according to claim 30 further comprising: 
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«. A 0( dclect|ng resjdua| quan(jiy of jnR accordjng |Q ^ ^ ^ 

45. A mcmod o, detecting residua, quantity of ink according t0 c.aim 44, wherein 
4*. A mctnoa o, dcoong residua, quantity or in k according to claim 45, herein 

47. A ^ o, dc(cc „ ng resjdua( quamjty Qf accordjng (o c)ajm ^ ^ 

s rt <J ^us.mem step is a step for module lino «h 1?, Sa ' d " 9hl receivin 9 means .' and 

-sponse >o „ 9 h, reflected JmJ^^^Z^^ » - «* emitting means in 
w "Oh. roccvng means is made to be constant 6 ^ ' he qUan,i, y of ™*ived by said 

-nformanon stored in said storage means to a compaSon to d£nt ? by Sa ' d reCeivin 9 means 
s^d ink lank d com P ariso " to d.scnmmate the residual quantity state ot ink in 

4o 49. A r^ o, deteCng residua, quantity o. ink according to Cairn 30 further comprising- 
= c (onstepforcorrectjng ^ 

50. A method o, detecting residua, quanf.y of ink according to c,a,m 30, wherein 
"^a^S 

a comparison step for subiectinq a result nf th* n », / • 

of ,he (n -„,h output or resu.ts ot outputs 0 n Z ZZlT" " * 2 > ^ and a ««* 

^ output to a comparison; and 
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a discrimination step for discriminating that residual quantity of ink in said ink tank has been reduced if change 
larger than a predetermined-value a has been confirmed in said comparison step. 

52. A method of detecting residual quantity of ink according to claim 51 , wherein 

said calculating step is a step in which light reflectance R1 is detected after n (n is a natural number) recording 
mediums have been recorded, if the position of a carriage has been changed at the (n + 1 )-th output, then light 
reflectance R2 is detected before the (n + 1 )-th recording operation starts, R1 and R2 are used to calculate a 
correction coefficient for said ink tank, and said correction coefficient is used to correct the output value to 
correspond to the position of said carriage. 

53. A method of detecting residual quantity of ink according to claim 51 , wherein 



said predetermined timing is a moment at which the number of ink discharge operations performed by said 
75 recording head and the quantity of consumption of ink calculated in accordance with the number of sucking 

operations performed for the purpose of recovering said recording head reach predetermined values or a 
moment after the same have reached the predetermined values. 

54. A method of detecting residual quantity of ink according to claim 51 , wherein 

20 

the light reflectance is detected before and after all recovery operations for said recording head of said ink jet 
recording apparatus are performed, and if the difference in the light reflectance before and after said recovery 
operation is smaller than p, then all output results of detected light reflectances obtained before said recovery 
operation are reset. 

25 

55. A method of detecting residual quantity of ink according to claim 54, wherein 

in a case where depletion of ink has been indicated before said recovery operation is performed, indication of 
depletion of ink is interrupted when resetting is performed. 

30 

56. A method of detecting residual quantity of ink according to claim 51 , wherein 



in the case where depletion of ink has been indicated, a result of the n-th (n is an integer which satisfies n ^ 
2) output and a result of the (n -1 )-th output or results of outputs to (n - 1 )-th output are subjected toa comparison, 
and if change is smaller than a predetermined value y, then indication of depletion of ink is interrupted. 

57. A method of detecting residual quantity of ink according to claim 51 , wherein 

in the case where depletion of ink has been indicated, a result of the n-th (n is an integer which satisfies n ^ 
-*o 2) output and a result of the (n -1)-th output are subjected to a comparison, and if change is larger than a 

predetermined value 5, then indication of depletion of ink is interrupted. 

58. A method of detecting residual quantity of ink according to claim 51 , wherein 

said predetermined value a is appropriately changed to correspond to color of ink to be used. 

59. A method of detecting residual quantity of ink according to claim 54, wherein 

said predetermined value (5 is different to correspond to color of ink to be used 

so 

60. A method of detecting residual quantity of ink according to claim 56, wherein 

said predetermined value y is different to correspond to color of ink to be used. 
55 61. A method of detecting residual quantity of ink according to claim 57, wherein 

said predetermined value 5 is different to correspond to color of ink to be used. 
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62. A method of detect.ng residua, quantity o, io k according ,o claim 51 , wherein 

SSS XT" ~ — * a » -rage value of data ob , ned previous , y apd ^ 
63- A method of defecting res,dua, quantity of ink according to ciaim 51, wherein 

« 65. A method of detecting residua, quantity of ink according to c.aim 51 , wherein 

sa,d recording head is detachable w„h respect to the body of sa* recording apparatus 

surfaceofsaidinktank and said inkabsomer.andZ^^^^ 

a discrimination step for discriminatinn that P 0 a com P ar 'son; and 

'---prede^^ 

67. A method of detecting residua, quantity of ink according to c.aim 66, wherein 
said calculating step is a step in which light reflectance R1 i« h- . - 

medtums have been recorded, if the posta of a cTrSoe Z T n (n is a na,ural "umber, recording 
reflectance R2 is detected before the (n + T)* re C0 S Si ""^ * * he (n + 1 >* oul P u 'hen 2 
correct™ coefficient for said ink tank and sai 2^2" S ' artS ' R1 and R2are ^calcu^a 
correspond to the position of saidcarriage. 15 used ,0 c °"ect the output value to 

4s 68. A method of detecting re SI dua, quant.ty o, ink according to Cairn 66, wherein 

operations performed for the purpose of recover! sa 3^S aCCOrdance wi,h *» ™mber °f sucking 
-omen, after the same have reached the ^eZllTZZ " -lues or a' 

69. A method of detecting residual quantity of ink according to claim 66, wherein 

the light reflectance is detected before and after all r«™ 

wording apparatus are performed, and if JX^^X^ ? ^ ° f Sa * ink * 

opera (on is smaller than 0, then all output results TZZZ ZZ^ "« ^ «* rec °A 

operat,on are reset. °' aeIecled "9 ht reflectances obtained before said recovery 

70. A method of detecting residua, quantity of ink according to claim 69, wherein 
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in a case where depletion of ink has been indicated before said recovery operation is performed, indication of 
depletion of ink is interrupted when resetting is performed. 

71. A method of detecting residual quantity of ink according to claim 66, wherein 

5 

in the case where depletion of ink has been indicated, a result of the n-th (n is an integer which satisfies n ^ 
2) output and a result of the (n -1 )-th output or results of outputs to (n - 1 )-th output are subjected toa comparison, 
and if change is smaller than a predetermined value y, then indication of depletion of ink is interrupted. 

10 72. A method of detecting residual quantity of ink according to claim 66, wherein 

in the case where depletion of ink has been indicated, a result of the n-th (n is an integer which satisfies n ^ 
2) output and a result of the (n -1 )-th output are subjected to a comparison, and if change is larger than a 
predetermined value 5, then indication of depletion of ink is interrupted 

15 

73. A method of detecting residual quantity of ink according to claim 66, wherein 

said detection means for detecting the quantity of reflected light is used to detect a plurality of positions of said 
carriage. 

20 

74. A method of detecting residual quantity of ink according to claim 66, wherein 

said predetermined value a is appropriately changed to correspond to color of ink to be used. 
25 75. a method of detecting residual quantity of ink according to claim 69, wherein 

said predetermined value p is different to correspond to color of ink to be used. 

76. A method of detecting residual quantity of ink according to claim 71 , wherein 

30 

said predetermined value y is different to correspond to color of ink to be used. 

77. A method of detecting residual quantity of ink according to claim 71 , wherein 

35 said predetermined value 8 is different to correspond to color of ink to be used. 

78. A method of detecting residual quantity of ink according to claim 72, wherein 

said predetermined value 5 is different to correspond to color of ink to be used. 

40 

79. A method of detecting residual quantity of ink according to claim 66, wherein 

said output value obtained in said detection step is an average value of data obtained previously and present 
data. 

45 

80. A method of detecting residual quantity of ink according to claim 66, wherein 

said output value obtained in said detection step is an average value of data obtained m times consecutively. 

50 81. A method of detecting residual quantity of ink according to claim 66, wherein 

said recording head comprises an energy generating device formed by an electricity-to-heat converter for gen- 
erating heat energy which causes ink to take place film boiling so as to discharge ink. 

55 82. A method of detecting residual quantity of ink according to claim 66, wherein 

said recording head is detachable with respect to the body of said recording apparatus. 
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SS5 S £T2 S S- ^ . . 

to output obtained data; ,ank and said absorber at a predetermined timina 

comparison means for subiectino a result of «,«„»,,• 

oMhe (n -,Hh output or results " & 2 > «*« - a resu,t 

discrimination means for discriminating that SJ1 P 3 com P arls °n; and 

° C °"*" g l "" a are ™»*4 "W ™an» lo,,«^T T 39 *' «"*»•»" MUM lank 

IMMmm , iming , 0 0 „, p „, ^ •« « aurtace of said ink lank ana M ink a6s0 ^ e ™ 

" ^ *" — »■ — ,o ^ 

comparison means for subiectino a result of tho nth/ ■ 

89. An ink jet recording apparatus according to claim 88, wherein 

90. An ink ,e. recordmg apparatus according to claim 88, wherein 

~ detection means outputs an average vaiue ot data obtained m times consecutive, 
^ 91. An ink ,et recording apparatus according to claim 88, wherein 
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92. An ink jet recording apparatus according to claim 88, wherein 

said recording head is detachable with respect to the body of said recording apparatus. 

s 93. An ink jet recording apparatus having an ink tank including an ink absorber and arranged to supply ink to a head 
to discharge an ink droplet from a nozzle at the leading end of said head to a recording medium so as to perform 
recording, said ink jet recording apparatus comprising: 

detection means for detecting the residual quantity of ink in said ink tank in accordance with the quantity of light 
w reflected by a boundary portion between a wall surface of said ink tank and said ink absorber through a portion 

of said wall surface of said ink tank, said detection means also serving as means for detecting the distance 
from said nozzle of said head to said recording medium. 

94. An ink jet recording apparatus according to claim 93, wherein 

15 

said detection means includes a light emitting portion and a light receiving portion for receiving reflected light 
of light emitted by said light emitting portion. 

95. An ink jet recording apparatus according to claim 94, wherein 

20 

said head is mounted on a carriage which is moved in parallel to the surface of said recording medium, and 
said carriage has a reflecting portion for reflecting light from said detection means. 

96. An ink jet recording apparatus according to claim 95, wherein 

25 

said carriage has switch means for changing the distance from said head to said recording medium to be adapt- 
able to the thickness of said recording medium, and the distance from said reflecting portion to said detection 
means is changed to correspond to switching effected by said switch means. 

30 97. An ink jet recording apparatus according to claim 95, wherein 

said ink tank is detachably mounted on said carriage, and said carriage has transmission means for allowing , 
light from said detection means to pass through to reach the wall surface of said ink tank, 

35 98. An ink jet recording apparatus according to claim 97, wherein 

said transmission means is an aperture formed in the bottom surface of said carriage. 

99. An ink container for an ink jet recorder, provided with means permitting optical determination of the quantity of ink 
40 present in the container. 

100. An ink jet recording apparatus having optical sensing means for determining the quantity of ink present in one or 
more ink containers. 
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FIG. 7 
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FIG. 8 
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FIG. HA 



C CALIBRATION ^ 
I S ^ T °CALmiU77QNPOSmQNj ^-Sl 



MEASURE DARK VOLTAGE Voff ~p ~S2 




MEASURE ACTIVATION 
VOLTAGE Von 



S6 



OUTPUT V— Voff-V on y -S7 




[ D ^^DinY*VTARGETyv^ SlQ 



46 



EP 0 706 888 A2 




HOW 

!8J2 



5DOC1D: <EP 0706888A2..L> 



47 



EP 0 706 888 A2 



FIG. 12 
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FIG. 13A 
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FIG. 14 
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FIG. 16 



C 



DETECT EXISTENCE OF INK 



SHIFT TO INK EXISTENCE 
DETECTION POSITION 



MEASURE DARK VOLTAGE Voff 



I 



MEASURE ACTIVATION 
VOLTAGE Von 



OUTPUT V^ Voff- Von 




-S61 
-S62 

-S63 
S64 



YES 



S66 



INK EXISTS 



NO INK 



( END ) 



iDOCID: <EP 0706888A2_f„> 



53 



EP 0 706 888 A2 



FIG. 17 
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FIG. 19A 
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(54) Ink jet recording apparatus having residual quantity detection unit and residual quantity 
detection method therefor 



(57) According to the present invention, there is pro- 
vided an ink jet recording apparatus for recording an im- 
age on a recording medium by discharging ink to the 
surlace of the recording medium, wherein ink is re- 
served in an ink tank (7) including a negative pressure 
generating member, such as an absorber (7a) and a 
foaming member, and a function of accurately detecting 
the residual quantity such that depletion to a predeter- 
mined level can be detected is realized. Light emitted 
by a photomterrupter (6) is allowed to pass through a 
portion of a wall surface of the ink tank (7) made of trans- 
parent plastic or the like which is transmissible with re- 
spect to detection light emitted by the photointerrupter 
(6) todetect change in the light reflectance in the bound- 
ary portion between the wall surface and the ink absorb- 
er (7a). In accordance with reflectance obtained in a 
case where no ink exists in the detected portion and that 
obtained in a case where ink exists, the residual quantity 
of ink can be detected. 
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